Background The permeability of the alveolar-capillary barrier to technetium99m labelled diethylenetriamine pentaacetate (s9mTc DTPA) is known to be greatly increased in smokers, but the underlying mechanism is poorly understood. Abnormal permeability of the alveolar epithelium as well as impaired surfactant function has been suggested. The purpose of this study was to examine transudation ofurea and albumin into the alveoli and alveolar surfactant function in smokers and non-smokers and to relate these variables to the rate of alveolarcapillary transfer of SSmTc DTPA. Methods Standardised bronchoalveolar lavage was performed and the yield of urea and albumin measured in the lavage fluid. The integrity of the alveolar surfactant system was assessed by measurement of the surface activity and of the yield of phospholipids in alveolar lavage fluid. Results The mean decay constant for the pulmonary clearance of S9mTc DTPA was 0028/min in the smokers and 0009/min in the non-smokers. The recovery of albumin and urea in alveolar lavage fluid was very similar in the two groups. The surface activity of alveolar lavage fluid was lower in smokers than in non-smokers (minimum surface tension 37-9 versus 28-6 mN/m) and the yield of phospholipids was reduced (2-08 versus 3-86 mg). The rate constant for the pulmonary clearance of "mTc DTPA correlated with the yield of phospholipids at bronchoalveolar lavage. Conclusions The study shows that increased alveolar-capillary transfer of 99MTc DTPA in smokers is not accompanied by increased transudation of small or large molecules into the alveoli. The findings support the hypothesis that increased clearance of SSmTc DTPA in smokers is related to surfactant dysfunction.
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Alveolar air is separated from pulmonary capillary blood by a delicate barrier, the integrity of which is crucially important for the liquid homoeostasis in the lung. The alveolarcapillary barrier comprises the alveolar surfactant system, the alveolar epithelium, the basement membrane, and the capillary endothelium. The functional integrity of the barrier can be studied by measurement of the transfer of solutes from the alveolus to the blood or the transudation of solutes from the capillaries to the air space.
The most common technique for studies of solute transfer from the air space to the blood is the measurement of pulmonary clearance of technetium-99m labelled diethylenetriamine penta-acetate (99mTc DTPA).' This hydrophilic molecule has a molecular weight of 490 daltons. The tracer is administered in aerosol form and subsequently the clearance of the tracer from the lungs is measured by external counting over the lungs. The rate of clearance reflects the transfer of the tracer across the alveolar-capillary barrier. Several groups have shown that the rate of pulmonary clearance of 99mTc DTPA is much faster in smokers than in non-smokers."4 The mechanism for the increased alveolar-capillary barrier permeability in smokers is not clear. It has been suggested that it reflects damage to the alveolar epithelium' but also abnormal surfactant function in the alveoli. 7 Indications of transudation of solutes from the capillaries to the alveoli can be obtained by analysis of solutes in bronchoalveolar lavage fluid. 8 The yield of albumin in lavage fluid has thus been measured in smokers in attempts to assess the properties of the alveolar-capillary barrier."'3 It has recently been shown that urea (mw 60 daltons) readily diffuses from blood and interstitial space into lavage fluid during the procedure.' '6 This suggests that the yield of urea in lavage effluent could be a suitable indicator of alveolar-capillary barrier permeability, provided that the dwell time of fluid in the alveoli is controlled. We are not aware of any studies of the yield of urea at bronchoalveolar lavage in smokers or of any attempt to correlate measurements of pulmonary clearance of 99mTc DTPA with indicators of increased alveolar-capillary barrier permeability at bronchoalveolar lavage in smokers.
It is well established that the yield of surfactant phospholipids in bronchoalveolar lavage effluents is reduced in smokers.'2 17 The rapid pulmonary clearance of 99mTc DTPA has been suggested to be related to impaired surfactant function, but no studies of clearance in relation to measurements of phospholipids in lavage fluid have been carried out.
The purpose of this study was to relate measurements of pulmonary clearance of 99mTc
DTPA to indicators of alveolar-capillary barrier permeability and to indices of surfac- (14) 96 (13) FEV, (% predicted) 106 (14) 100 (10) Methods We studied 13 current male smokers and nine lifelong male non-smokers. None of the smokers had a history of chronic bronchitis. The physical characteristics of the two groups of subjects were similar ( The fibreoptic bronchoscope (Olympus BF 1 T 10) was then loosely wedged in an anterior subsegment of the right middle or lower lobe. Three 50 ml aliquots of tepid sterile saline were sequentially infused and then gently aspirated and collected in two separate containers. The first aliquot was considered to represent a bronchial wash. The following two aliquots were pooled and considered to be more representative of alveolar lavage fluid. The lavage procedure was standardised so far as possible and the time from infusion to aspiration of saline (dwell time) recorded. The lavage fluid was kept on ice until centrifuged (4'C, 200 g) for 10 minutes. The supernatant was removed from the cell pellet and kept frozen at -70'C until it was analysed.
MEASUREMENT OF UREA AND ALBUMIN IN LAVAGE FLUID
The concentrations of urea and albumin were measured in bronchial wash fluid as well as in bronchoalveolar lavage fluid. In the bronchial wash fluid urea and albumin concentrations were measured in six non-smokers. Urea and albumin concentrations were measured in unconcentrated lavage fluid.2' 22 The total amount of urea and albumin in the lavage fluid was calculated by multiplying the concentration by the volume of aspirated fluid. The plasma concentrations of urea and albumin were also measured in venous blood samples.
MEASUREMENT OF PHOSPHOLIPIDS IN LAVAGE

FLUID
The concentration of phosphatidylcholine was measured in bronchoalveolar lavage fluid. Lipids were extracted twice with a twofold volume of chloroform:methanol (2:1) and once with chloroform. The extract was evaporated to dryness at 40°C in a rotary evaporator under vacuum. The residue was dissolved in 2-0 ml of chloroform:methanol (2: 1).
Phospholipids Results There were no substantial differences in physical characteristics between smokers and non-smokers (table 1) . There was a wide range in the cumulated tobacco consumption of the smokers. All subjects were essentially normal at spirometry, and there were no significant differences between the two groups. Pulmonary clearance of`emTc DTPA was much faster in the smokers than in the non- smokers (fig 1) . The decay constant ranged from 0 014 to 0-054/min with a mean of 0 028/ min in the smokers compared with a range from 0-006 to 0.016/min and a mean of 0-009/ min in the non-smokers (CI -0 026 to -0 012, p < 0-001). There was thus a small overlap between the groups. Dwell time and recovery of lavage fluid were very similar in the two groups of subjects (table 2). In the bronchial wash fluid the concentration and the total amount of urea were nonsignificantly higher in smokers than in nonsmokers. The concentrations of albumin in bronchial wash fluid were very similar in the two groups. In bronchoalveolar lavage fluid, the concentrations of both urea and albumin were virtually identical in non-smokers and smokers. The plasma concentrations of urea and albumin were also similar in non-smokers and smokers (urea 4-8 (0 8) v 4-4 (0-7) mmol/l; albumin 0-68 (0-03) v 0 65 (0 04) mmol/l).
The concentration of phosphatidylcholine in alveolar lavage fluid was measured in six nonsmokers and in 10 smokers. Measurements of surface activity were obtained in six non-smokers and in 11 smokers. The yield of phospholipids in bronchoalveolar lavage fluid was about twice as high in non-smokers as in smokers (table 3) . The concentration (CI -4 0 to 62-9 mg/ml, p < 0 05) and the total amount (CI 0 49 to 3 06 mg, p < 0-01) of phosphatidylcholine were significantly greater in non-smokers than in smokers. The surface activity of alveolar lavage fluid was also greater in non-smokers than in smokers (table 3) Total yield of phosphatidylcholine (mg) 3-4mN/m, p < 001; CI -11-7-1-3 mN/m, p < 005).
Measurements of the yield of phosphatidylcholine and measurements of surface activity of bronchoalveolar lavage fluid may be regarded as indicators of the functional integrity of the surfactant system, and we were interested in possible correlations between the measurements. We found the total amount of phosphatidylcholine recovered to be inversely correlated with ymax (r = -0-63, p < 0 05) and ymin (r = -0-66, p < 0 05; fig 2) .
We found several correlations between the rate of pulmonary clearance of 99mTc DTPA and variables reflecting the properties of the surfactant system. The rate constant k was thus correlated inversely with the lavage fluid concentration of phosphatidylcholine (r = -0-62, p < 0 05) and with the total amount of phosphatidylcholine recovered (r = 0-77, p < -01; fig 3) .
Discussion
The alveolar-capillary barrier comprises the alveolar surfactant system, the alveolar epithelium, the basement membrane, and the capillary endothelium. In studies of fluid filled lungs the alveolar epithelium has been shown to be much less permeable to small water soluble molecules than is the capillary endothelium, whether the tracer substance is introduced into the alveolar space or into the blood.26 99mTc DTPA is a hydrophilic compound and is considered to be transported by simple diffusion via the paracellular route. The increased rate of clearance observed in smokers is often interpreted, in accordance with studies of solute transfer in fluid filled lungs, as representing a high permeability of the alveolar epithelium to 99mTc DTPA. As the alveolar epithelium is the major barrier to solute flux also from the blood into the alveoli,'426 increased permeability of the epithelium might be expected to cause increased transfer of solutes into bronchoalveolar lavage fluid.
When a tracer such as 99mTc DTPA is introduced into the alveoli in aerosol form the alveolar surfactant system is functionally intact, unlike in the fluid filled lung. The pulmonary clearance of 9"Tc DTPA is increased in experimental states of surfactant dysfunction27 28 and reduced by experimentally increased alveolar surfactant content.29 Recent speculations have suggested that the rapid clearance in smokers is related to abnormal surfactant function.7 This study was designed to investigate the relation between pulmonary clearance of 99mTc DTPA and indices of solute transfer from the pulmonary capillaries and of alveolar surfactant function from fluids obtained via bronchoalveolar lavage. We found that, whereas the transfer of 99mTc DTPA from the alveoli to the blood is much faster in smokers than in non-smokers, there is no indication of increased leakage of urea or albumin from the pulmonary circulation or interstitial fluid to the alveoli during bronchoalveolar lavage in smokers. Indices of alveolar surfactant function are abnormal in smokers and correlate with the rate of pulmonary clearance of 99mTc DTPA.
The yields of urea and albumin in bronchoalveolar lavage fluid have long been used as indicators of the permeability of the air-blood barrier.8 Urea is a small molecule and is able to diffuse through intact cell membranes.30 It is well established that urea diffuses into lavage fluid in appreciable amounts during a few minutes of fluid dwell time in the alveoli.'1'6 31 The concentration of urea in alveolar lavage fluid has previously been shown to be increased in patients with interstitial lung disease. '5 20 We found the alveolar lavage fluid concentration of urea to be about 2% of the serum concentration in both smokers and non-smokers. A first approximation of the rate of transfer of urea from blood and interstitial tissue can be obtained from a simple two compartment model on the assumption of first order kinetics (appendix). The calculations result in similar rate constants in smokers and non-smokers. Furthermore, the rate constants for urea are of the same order of magnitude as the rate constants for 99mTc DTPA found in the non-smokers. The main barrier for the transport of urea from blood to the fluid filled alveolus is the alveolar epithelium.'4 26 If the main mechanism for the increased rate of alveolar-capillary transfer of 99mTc DTPA in the smokers were increased permeability of the alveolar epithelium, the rate of transfer of urea from blood to air space would also appear likely to be increased.
The rate of transfer of albumin from blood into the fluid filled alveolus is much lower than that of urea'4 16 
